•Original research article• Background: Up to 8% of women in their reproductive years are affected by Premenstral Dysphoric Disorder (PMDD). Sleep disturbances such as insomnia or hypersomnia are one of the DSM-IV-TR's defining criteria for the diagnosis of PMDD and are found in about 70% of women with the disorder. However, studies are lacking that specifically address the effects of PMDD on quality of sleep. Aim: This study was designed to evaluate the prevalence of Premenstrual DysphoricDisorder (PMDD) and its impact on sleep quality in female university students. Methods: We developed an 18-item PMDD scale based on The Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) to diagnose PMDD in female university studentswho ranged in age from 18 to 30 years and had regular menstrual cycles.Participants were categorized into a PMDD group or a No/PMDD group and sleep quality was compared between the two groups. The evaluation tool used to measure sleep quality was the Pittsburgh Sleep Quality Index (PSQI). Results: The prevalence of PMDD in female universitystudents was 25.5%. Analysis of the PSQI demonstrated that 80.5% of those in PMDD group had a PSQI that scored >5; however, only 56.4% in the No/ PMDD grouphad a PSQI that scored >5 (χ 2 =12.459, p<0.001). The mean PSQI score was 8.2(3.4) in the PMDD group and was 6.5(3.1) in the No/PMDD group (t=3.648, p<0.001). Conclusions: Female university students who experience PMDD are deeply affected by sleep problems. Lower sleep quality, daytime dysfunction, and sleep disturbance are common sleep problems among female university students with PMDD.
Introduction:
About 50-80% of women during their reproductive years experience premenstrual symptoms that vary from mild to severe. [1] Premenstrual Syndrome (PMS) affects 20-40% of women, and its more severe form, Premenstrual DysphoricDisorder (PMDD), affects 3-8% ofwomen. [2, 3] PMDD is classified under "depressive disorder not otherwise specified" in theThe Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR). [4] PMDD symptoms such as depressed mood, anxiety, irritability, fatigue, and sleep disruption occur exclusively during the luteal phase of the menstrual cycle, remit after the onset of menses, and dissapear throughout the follicular phase. [5] PMDD is associated with significant functional impairment and impact on quality of life,but the etiologies remain poorly understood. [6, 7] Studies indicate that women with PMS or PMDD report sleep-related complaints such as difficulty sleeping, fatigue, and poor concentration. [8] Furthermore, sleep disturbances such as insomnia or hypersomnia are one of the DSM-IV-TR's defining criteria for the diagnosis of PMDD, [4, 6] and they are present in about 70% of women with PMDD. [9] A study by Parry and colleagues did not show any difference regarding sleep EEG variables between controls and patients with PMDD, [10] but other studies showed significantly increased rapid eye movement (REM) sleep onset latency, [6] significantly increased stage-two sleep, or significantly reduced REM sleep [11] in women with PMDD when compared to healthy controls, regardless of the menstrual phase.
Some studies have shown that work-related stress may increase PMS or PMDD. [12, 13] Work pressure, low autonomy at work, and little variety in work conditions have been shown to be significantly higher among women with PMS when compared to those without the symptoms. [14, 15] PMDD symptoms can also interfere with school and home life. Stress due to long hours of study and work-related pressure may affect the prevalence rate of PMDD as well as sleep disturbance in adolescent girls. However there is a lack of studies on the assessment of PMDD and its impact on sleep quality among female university students, so this study was designed to evaluate the prevalence of PMDD as well as statements regarding sleep quality within this cohort.
Material and methods

Participants
As shown in Figure 1 , this cross-sectional study was conducted from May 2013 to August 2014 at the Kermanshah Azad University, Kermanshah, Iran. Of the 2409 students at Kermanshah Azad University, 1486 were female.
Approximately 20% of the female students were recruited by random sampling. Inclusion criteria was as follows: (a) age range of 18-30 years; (b) regular menstrual cycles (3-7 days of menstruation between intervals of 21-35 days); (c) no use of medication such as hormonal contraceptives or antipsychotics; (d) no major medical problems; (e) no recent experience of catastrophe before or during the study.Subjects who had a psychiatric illness or any other underlying disease (e.g. diabetes, cardiovascular) were excluded from the study. All participants provided written informed consent and completed a questionnaire.
Procedure 2.2.1 Demographics
Demographic information such as age, marital status and history of disease was obtained. We also asked information about the respondents' menstruation regarding the regularity of menstralcycles, physical symptoms during menstruation, knowledge of PMS, and actions taken to attenuate its symptoms.
PMDD scale
In order to confirm the diagnosis of PMDD, we used the Premenstrual Symptoms Screening Tool (PSST). [16] This scale is a standard form and includes 19 items that describe both physical and emotional symptoms. Each item is rated on a scale of 0 "not at all" to 3 "extreme". These items represent the PMS and PMDD criteria as described in the DSM-IV-TR. [4] Participants were first asked whether or not they had any symptoms listed in the questionnaire that began to appear one or two weeks prior to the start of menstruation and disappeared 3-4 days after menstruation in most menstrual cycles during the past year.
A participant was given the diagnosis of PMDD if she answered "severe" for at least one of the following items in the core symptoms: depressed mood, moodiness, anxiety and edginess, and anger or irritability; answered "moderate" or "severe" for at least four items in other symptoms: fatigue, insomnia/ hypersomnia, difficulty concentrating, appetite change/ cravings, decreased interest in usual activities, feeling overwhelmed/out of control, physical symptoms (headache, breast tenderness and/or swelling, bloating and joint/muscle pain, etc.); and also answered "severe" for at least one of the items regarding interference with work, school, usual activities and relationships. The Iranian version of the PSST was validated with Cronbach's alpha coefficient, 0.93. [17] 
Sleep assessment
The evaluation tool used to assess sleep quality was the Pittsburgh Sleep Quality Index (PSQI). [18] The tool measures subjective sleep quality in the preceding one-month period and is comprised of 19 self-rated questions. The items are grouped into seven component scores: sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. The PSQI score (range, 0-21) is calculated by summing the component scores, whereby a higher score indicates a worse sleep condition. A global PSQI score of five has been suggested to distinguish poor quality of sleep (PSQI>5) from good quality of sleep (PSQI< 5). The Iranian versin of PSQI has diagnostic sensitivity of 100% and specificity of 93%. Overall the Cronbach's alpha coefficient was 0.89. [19] 
Statistical analysis
Statistical analysis was conducted using SPSS version 19.0 with a significance threshold of p< 0.05. The Student t-test or Mann-Whitney U test, and χ 2 test were used to compare the variables between the groups.
Results
From a total of 298 female student participants, 262 completed the questionnaires. Thirty-six were dropped from the analysis because of incomplete data. After the assessment of the questionnaire by psychiatrists who were blinded from the study, 67 students werediagnosed with PMDD and 195 were recognized as healthy controls, as shown in Figure 1 . So, we analyzed the data according to the presence or absence of PMDD symptoms. Demographic charastrictics are shown in Table 1 .
More students with PMDD reported 'anxiety or tension' (79.1%), 'anger or irritability' (74.6%), 'decreased interest in usual activity' (80.5%), and 'fatigue or lack of energy' (92.5%). Premenstrual symptoms impaired 'work or school or social life activities' (92.5%). The rates of prevalence of each premenstrual symptom are shown in Figure 2 . Figure 2 . The rate of prevalence of each premenstrual symptoms Table 2 shows the sleep quality parameters. Analysis of the PSQI demonstrated that 80.5% in the PMDD group,had a PSQI score >5, which indicates poor sleep quality. However, 56.4% in the No/PMDD group had a PSQI score >5 (p<0.0001). The mean PSQI score was 8.2(3.4) (range= 2-17) in the PMDD group and was 6.5 (3.1) (range= 2-19) in the No/PMDD group (p<0.0001). Analysis of PSQI components showed that the mean duration of sleep per night was reported to be 6.8 (1.6) hours in the PMDD group and was 6.9 (1.6) hours in the NO/PMDD group (p=0.771). The mean duration of sleep latency was 39 (15) and 33 (25) min for the PMDD group and the No/PMDD group, respectively (p=0.216).
Habitual sleep efficacy of both groups did not differ significantly. Nonetheless, taking sleep medications was more frequent in the PMDD group when compared to the No/PMDD group (16.4% vs. 7.6%, [p=0.039]).
Sleep disturbance was present in 25.3% of thestudents in the PMDD group but only in 10.2% of the students in the No/PMDD group (p<0.001). Furthermore, 16.4% of those in the PMDD group reported that their sleep quality was "fairly bad or bad", while only 7.1% of those in No/PMDD group rated their sleep quality as "fairly bad or bad" (p=0.026).
Self-reports of daytime dysfunction was less frequent in students in the No/PMDD group with 34.3%, whereas 56.7% of students in the PMDD reported daytime dysfunction (p=0.006).
Discussion
Main Finding
Prevalence of PMDD
In this questionnaire-based, case-control study we evaluated the sleep quality in PMDD female university students and in controls. To our knowledge this is the first large sample study that assesses the relationship between PMDD and sleep quality. Our findings showed that the prevalence rate of PMDD among Iranian female university students was 25.5%. This prevalence rate was higher than those reported of women in other epidemiological studies which reported that 3-8% of women are affected by PMDD. [2, 3] But our findings are similar to other studies reported specifically among students. The prevalence rate of 36.1% of PMDD was reported by Issa and colleagues in a study among medical students. [15] Niser and colleagues reported a PMDD prevalence rate of 5.8% among unmarried
• 135 • female medical students in Pakistan. [20] Also, prevalence rates of 6.1%, 17.2%, and 18.2% were reportedamong university students in Nigeria, Croatia and Pakistan, respectively. [21] [22] [23] The underlying causes of this high incidence of PMDD in these students are unknown, but we can suggest several possible mechanisms. The prevalence of PMDD in Iranian females is high, and other Iranian studies report a range of PMDD prevalence rates from 13%-59%. [17, 24] It is a fact that this prevalence rate is affected by cultural influences. [25] Life style is a main factor influencing PMDD in the Iranian population. [26] The diagnosis of PMDD by the DSM-IV-TR criteria includes at least five mood symptoms that must present during repeated menstrual cycles. In a retrospective design of PMDD assessment which is based on memory, the description of the women's mood symptoms are subjective and the recall of symptoms' severity and frequency may be amplified among these women. [27] [28] [29] Moreover, the responses may be associated with personality characteristics. Bailey and colleagues found that 40% of women diagnosed with PMS or PMDD also had comorbid affective or anxiety disorders. [29] Contrary to the study by Cohen and colleagues that found an association of PMDD and lower education, [30] other studies have found PMS/PMDD had higher prevalence rates among students, [15, 29] which is also supported by the findings of Takeda and colleagues that showed that one half of female students experienced both irritability and depression. [31] Limited information about the cause and treatment of PMDD may also contribute to the high prevalence rate of PMDD in adolescent girls. Furthermore, students are under much stress due to the long hours of study, employment pressure, and the costs of university tuition. In addition, because many female students experience much stress in daily life and have little information about reproductive health, they may feel much stress about menstruation.
PMDD and sleep quality
In this study, we found that female university students with PMDD are deeply affected by sleep problems. Lower sleep quality and daytime dysfunction are common sleep problems among students with PMDD.These findings are important, given that sleep disturbance is highly prevalent in adolescence and university students.
As suggested by previous studies, several factors may contribute to an increased rate of sleep problems in the female study participants with premenstrual symptoms. Baker and colleagues [6] conducted a sleep EEG analysis, including a subjective sleep quality meaure and an objective polysomnography, of nine women with PMS or PMDD and twelve asymptomatic control subjects at the luteal phase (LP) and at the folicollar phase (FP) of the menstrual cycle. The women with severe PMS had significantly higher depression scores and poorer subjective sleep quality when symptomatic during the LP, but based on the polysomnogram, there were no specific alterations in the sleep architecture associated with the premenstrual symptoms.
The association between sleep architecture and depressed mood in patients with depressive disorders is complex. Studies have shown no single sleep variable was specific for Major Depressive Disorder (MDD). [32] Also, not all individuals with MDD show considerable sleep disturbances. [33] On the other hand, sleep studies among women withPMDD have been limited. An EEG study on 23 women with PMDD and 18 controls showed no intergroup differences; however, there were significant menstrual phase effects on sleep EEG measures. In both groups, REM sleep was decreased and REM latencies were increased in the LP compared to the FP. [10] Lee and colleagues showed that compared to controls, women who experienced negative mood symptoms during the LP had slow-wave sleep(SWS) patterns that were decreased at both menstrual phases. [34] Another study by Parry and colleagues revealed that women with PMS had more stage 2 sleep and less REM sleep, compared to controls. [11] Similar results were shown in a study by Lamarche and colleagues who found decreased SWS and REM sleep and increased stage 2 sleep during the LP in both healthy and women with PMS. [35] A reduction in REM sleep during LP compared to FP has also been reported by Shechter and colleagues who observed this variation in healthy women and patients with PMDD. [36] Similarly, in their sleep EEG study Parry and colleagues examined eight women with moderate to severe premenstrual depression and eight controls, two nights per week over the course of one menstrual cycle and found that depressed women had more stage 2 sleep and less REM sleep than controls. [11] In contrast, a small polysomnographic study by Chuong and colleagues demonstrated no significant change in nine sleep parameters associated with the menstrual cycle or differences between three patients with PMS and six control subjects who were studied for two consecutive nights during each of three different menstrual phases. [37] The studies of sleep in women across the life cycle have been summarized previously; some of them focused more on objective measures of sleep and other biological rhythms (such as melatonin and cortisol) in women with and without depressive disorders. Parry and colleagues observed that, compared to normal control subjects, women with PMDD had an earlier (phase-advanced) offset of melatonin secretion, which contributed to a shorter secretion duration. [38] Similar findings were seen in a larger study of 21 women with PMDD and 11 normal controls; in those with MDD the melatonin onset time was delayed, the duration was compressed, and the amplitude and mean levels were decreased during the LP when compared with the FP. In the normal controls, melatonin rhythms did not change significantly throughout the menstrual cycle.
In conclusion, we have shown that university students with PMDD perceive their sleep quality to be poor. Studying as well as daily life stress may produce or exacerbate PMDD. Self-awareness and psychological and psychiatric interventions may help students with PMDD to increase their productivity and quality of life. Further studies need to address the associations between sleep problems and long term outcomes in students with PMDD, such as their psychological development.
Limitation
This study had some methodological limitations. First, it was a questionnaire based study and we did not use reliable objective measures such as actigraphy, which is a reliable tool for confirming a diagnosis and evaluating sleep problems . [40, 41] Second, the DSM-IV-TR suggests that PMDD should be diagnosed prospectively, which was not done in the present study.
Importance
With a prevalence rate of 25%, this study identifies PMDD as an important issue in female students' reproductive health. Another important implication of this study is the importance of evaluating the sleep quality of female students. The data suggest that low sleep quality strongly relates to PMDD symptoms. By screening students' sleep, it may be possible to intervene early and even prevent PMDD through counseling or psycho-education about sleep behaviors and their effects on PMDD symptoms.
